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Summary: Using standard in vitro techniques, we found that the canine retroglenoid vein, a vessel that drains a significant fraction of canine cerebral venous effluent, demonstrated the following: an average wall thickness of -240 f.Lm; a norepinephrine (NE) content of -3 f.Lg/g tissue; a NE uptake capacity (uptake I) of -8 nmol/g tissue; an EDso for NE of 1.9 x 10-8 M; and a phentol amine-sensitive constriction during electric transmural stimulation that had a median effective frequency of -3 Hz and a maximum response that was -84% of the max imum response to exogenous NE. In a separate series of in vivo experiments conducted in six a-chloralose-anes thetized dogs, we found that electrical stimulation of the left superior cervical ganglion produced a phentolamine-In many species, including humans, a major por tion of the cerebral venous effluent is carried by extracranial veins. Accordingly, significant changes in the vascular tone of extracranial veins may po tentially influence cerebral venous pressure (CVP) and thus intracranial pressure and cerebral blood volume (Miller, 1975; Rasis et aI., 1979; Shinohara et aI., 1982; Wei and Kontos, 1982; Wagner and Tr aystman, 1983) . Preliminary studies from our lab oratories Bevan, 1981, 1982) indicate that the extracranial veins that drain canine cerebral venous effluent are capable of marked sympatheti cally mediated adrenergic vasoconstriction. The present study was designed to: characterize in vitro the potential for sympathetically mediated vasocon striction of canine extracranial veins; and evaluate in vivo the effects of sympathetic extracranial veno-sensitive, frequency-dependent increase in cerebral ve nous pressure (CVP) of up to 19 mm Hg when all cerebral venous effluent was diverted through the left retroglenoid vein. Ta ken together, our findings suggest that the canine retroglenoid vein undergoes a marked vasoconstriction during physiological frequencies of electric sympathetic nerve stimulation in vivo. Although our data further sug gest that the retroglenoid is not a dominant influence on CVP in the intact dog, they do encourage a cautious in terpretation of cerebral venous outflow data obtained with techniques in which cerebral effluent is drained pri marily by extracranial veins. Key Words: Cerebral blood flow-Cerebral venous outflow-Cerebral venous pres sure-Sympathetic nervous system-Venoconstriction. constriction on both intracranial and extracranial venous pressures.
METHODS

Vessels studied in vitro
In the intact dog, cerebral venous effluent drains pos teriorly into a system of confluent dural sinuses that in clude the sagittal, straight, and transverse sinuses (Fig.  1 ). All effluent collected by these sinuses exits the cranium via the right and left sigmoid and temporal sin uses. The sigmoid sinuses drain primarily into the medial vertebral venous plexus, which in turn courses toward the heart along the floor of the vertebral canal. The tem poral sinuses drain laterally into the extracranial right and left retroglenoid veins (Miller et aI., 1979) . Each of the paired retroglenoid veins extends -10 mm from the cra nial margin to its junction with three collateral veins (the palatine, alveolar, and superficial temporal) to form the paired internal maxillary veins, which in turn drain into the external jugular veins.
In the present study, we have examined several prop erties of the canine retroglenoid, palatine, superficial temporal, alveolar, and internal maxillary veins. For com parison, we have also examined isolated segments of ca nine saphenous vein, a vessel known to receive a dense adrenergic innervation (Guimaraes and Osswald, 1969 
Measurement of wall thickness and circumference
Vessels were obtained from adult mongrel dogs (20-30 kg) exsanguinated under pentobarbital anesthesia (30 mgl kg i. v.). Following dissection, isolated segments of canine retroglenoid, palatine, alveolar, superficial temporal, in ternal maxillary, and saphenous veins were placed in a petri dish containing a 2% lidocaine solution. With the aid of a dissecting microscope, the vessels were cleaned of fat and connective tissue and opened along their lon gitudinal axes. After the vessel circumference had been measured with an eyepiece micrometer, the vessels were cut into I-mm lengths, placed on microscope slides, and coverslipped. Wall thickness was determined by mea suring the distance from the upper (inner) to the lower (outer) surface of the vessels with a microscope, the ob jective position of which was calibrated in microns. For each of the 38 vessel segments studied, wall thickness was expressed as the mean of 10 measurements.
Norepinephrine content determination
The endogenous norepinephrine (NE) content of seg ments of the retroglenoid and its collaterals was measured using high pressure liquid chromatography with electro chemical detection (Hallman et aI., 1978) . Vessel seg ments were cleaned of fat and connective tissue, blotted, weighed, and then homogenized in a known volume of a 0.2 N solution of perchloric acid containing 10 mM di thiothreitol. The homogenates were centrifuged, and 0.5 ml of each supernate was added to 100 mg acid-washed alumina in 0.5 ml 2 M Tr is buffer. After thorough washing, this solution was centrifuged and the supernate dis carded. The resulting pellet was water washed, dissolved in 0.1 M phosphoric acid, and centrifuged. This final su pernate was assayed with a dual-phase, high pressure liquid chromatography column (Altex Ultrasphere ODS, RP -18) using an electrochemical detector (Bioanalytical Systems, Inc.). The degassed mobile phase contained 10.5 giL sodium phosphate, 37 mg/L disodium EDTA, and 10 mg/L octyl sodium sulfate, and was adjusted to a pH of 2.8. A separate standard curve was prepared for each set of unknowns. .
Neuronal NE uptake determination Cocaine-sensitive neuronal NE uptake capacity (up take 1), which is considered an index of adrenergic in nervation density (Bevan et aI., 1981) , was measured in isolated segments of canine retroglenoid vein and its as sociated collaterals. For comparison, the uptake I capac ities of segments of canine saphenous vein were also ex amined.
Vessels were dissected, cleaned of fat and connective tissue, and cut in half; each half was pl.lced in a separate bath containing 150 ml Krebs-bicarbonate solution at 37°C. In the first (control) bath, cocaine (10-7 M) was added to inhibit neuronal NE uptake. In the second (ex perimental) bath, cocaine was absent. After 15 min had been allowed for equilibrium, tritiated NE of known spe cific activity was added to a final concentration of 2 x 10-7 M in both baths. Sixty minutes later, the tissues were removed, quickly rinsed in a solution of cold Krebs containing 10-7 M unlabeled NE, weighed, and then baked at 70°C for 30 min. Dry weights were then ob tained, after which the tissues were digested overnight in 1.5 ml ammonium hydroxide in toluene (Beckman BTS-450). The following day, the samples were added to 10 ml toluene-based scintillation fluid and counted until a min imum of 10,000 counts had accumulated. Neuronal NE uptake was calculated as the difference in counts between the control and experimental samples divided by the spe cific activity of the labeled NE. The final values of NE uptake capacity (uptake 1) were expressed as nmol NEI g dry weight tissue and as pmol NE/mm vessel length.
Evaluation of contractile characteristics in vitro
The contractile characteristics of the canine retrogle noid vein segments were evaluated using conventional in vitro techniques (Bevan and Osher, 1972) . Isolated seg ments of canine saphenous veins were simultaneously studied for comparison. Briefly, venous segments were excised from exsanguinated dogs of either sex and placed in a Krebs-bicarbonate solution equilibrated with 95% ox ygen and 5% carbon dioxide at room temperature. After cleaning the vessels of fat and connective tissue, each 5mm venous segment was cannulated with mounting wires and suspended between a fixed Statham strain gauge (0108) and a movable post used to control resting ten-sion. The mounted vessels were immersed in a Krebs bicarbonate solution that was continuously bubbled with 95% oxygen and 5% carbon dioxide, and the bath tem perature was slowly raised to 39°C. When the bath tem perature had stabilized, the vessel segments were grad ually stretched until an optimum resting tension was ob tained. After resting tension had stabilized, 30 min was allowed before commencement of the in vitro protocol. In preliminary studies of length -tension relationships for retroglenoid and saphenous vein segments, optimum resting tensions were between 1.5 and 1.8 g.
To characterize electrical stimulation frequency -r e sponse relationships for the retroglenoid and saphenous segments, trains of square-wave pulses, 0.3 ms in dura tion at supramaximal voltage and constant current, were delivered to two platinum field electrodes placed parallel to and on either side of the vessel segments. The vessels were stimulated at each of five frequencies in the fol lowing order: 8, 1,2, 4,8, and 16 Hz. Each frequency of stimulation was administered for 2.5 min, and 5 min was allowed for rest between consecutive stimulations. When all stimulations had been performed, the vessels were washed and allowed to equilibrate for 20 min in the pres ence of desmethylimipramine (10-7 M), desoxycortico sterone 00-5 M), and propranolol (10-7 M). Cumulative NE concentration-response relationships were then ob tained.
After the maximum response to exogenous NE was observed, the tissues were repeatedly washed until base line resting tension was reestablished. Two 8-Hz pulse trains were then delivered, one before and one 15 min after the addition of phentolamine (10-5 M) to the baths.
In vivo animal preparation
Six male dogs weighing between 25 and 30 kg were anesthetized with 120 mg/kg i. v. a-chloralose (60 mg/ml in isotonic sodium tetraborate). Depth of anesthesia and paralysis were maintained by continuous intravenous in fusion (4.5 mllkg/h) of an isotonic solution containing 10.0 mg/ml a-chloralose, 3.36 mg/ml sodium bicarbonate, 1.0 mg/ml dextrose, 0.3 mg/ml potassium chloride, 5.1I mg/ ml sodium chloride, and 0.22 mg/ml gallamine tri ethiodide. Following tracheal intubation, each animal was mechanically ventilated with 30% oxygen and 70% ni trogen at a rate and depth that maintained the end-tidal carbon dioxide concentration at 5.0%. Esophageal tem perature was maintained at 39°C by a proportionally con trolled heating pad. Mean arterial pressure (MAP ) was measured via a femoral arterial catheter connected to a Statham 23BB pressure transducer.
The left superior cervical ganglion was exposed, and two platinum stimulating electrodes were placed around the fiber bundle passing from the ganglion to the vagus nerve. Following electrode placement, the electrodes and nerve were covered with a sponge soaked in mineral oil. To prevent antidromic stimulation of the heart, all com munications between the ganglion and the vagus nerve were severed. A constant current stimulator (Grass S44/ PSIU6) was employed to deliver square-wave impUlses of 4-ms duration. The current of stimulation in each an imal was that which produced a maximal pupillary dila tation during a 2-Hz test stimulation.
The right temporal sinus was opened with a dental drill and occluded downstream with two heparin-soaked cotton pellets. A small polyethylene cannula (PE90) was introduced into the sinus and advanced 2 cm toward the junction of the right and left transverse sinuses (Fig. 1) . The right temporal sinus cannula was then secured to the cranium, and the opening in the sinus was sealed with bone wax. This cannula was connected to a Statham pres sure transducer (P23V) for the measurement of CVP.
The right sigmoid sinus was opened and occluded up stream with cotton pellets. A PE90 cannula was intro duced into the sinus and advanced 2 cm toward the ver tebral venous plexus. After this cannula was secured and the sinus sealed with bone wax, it was connected to a Statham transducer (P23V) for the measurement of sig moid sinus pressure (SSP). The left sigmoid sinus was also exposed, but was not opened or occluded until later in the experiments (see below).
In vivo protocol
In the in vivo experiments, CVP, SSP, and MAP were measured continuously before, during, and after elec trical stimulation of the left superior cervical ganglion. The experimental protocol consisted of two consecutive frequency-response determinations, one performed prior to left sigmoid sinus occlusion and one performed after occlusion. Prior to left sigmoid occlusion, cerebral ef fluent drained via both the sigmoid and temporal sinuses. Following occlusion, all cerebral effluent drained exclu sively through the left temporal sinus and thus through the left retroglenoid vein. For each frequency-response determination, five frequencies of stimulation were em ployed in the following order: 1,2,4,8, and 16 Hz. Each frequency of stimulation was administered for 60 s, and 9 min was allowed to elapse between consecutive stim ulations. When both frequency-response determinations had been made, 2 mg/kg phentolamine (l mg/ml in iso tonic saline) was infused intravenously. Thirty minutes later, the ganglion was stimulated for 60 s at 8 Hz.
Statistics
For data collected during in vitro experiments, paired t statistics were used to detect significant differences be tween vessels in wall thickness, NE content, and NE uptake. To determine if the individual means of each mea sure in each vessel were significantly greater than zero, a one-tailed Student's t test with pooled variance was employed. Because the small sample sizes of the wall thickness, NE content, and NE uptake measurements promoted the possibility of type II statistical errors, greater emphasis in the final interpretation of these data was placed on positive rather than on negative findings of significance.
During in vivo experiments, MAP, CVP, and SSP values were digitized and stored on disk once every 2 s during protocol execution with the aid of an on-line Apple II + computer system. Following completion of the ex perimental protocol, averages were taken for each vari able for the lO-s interval occurring immediately prior to and during the last 10 s of each stimulation. The differ ences between individual pre stimulation and stimulation means were then obtained for each stimulation frequency. The resulting populations of stimulation-induced differ ences were normally distributed for all variables; paired t statistics were used to determine which frequencies of stimulation produced significant effects. Overall error rate was controlled by dividing the desired level of sig nificance (0.05) by the number of tests per group (5) to obtain a limiting value for the t statistic (probabilities of >0.01 were not considered significant in evaluations of stimulation-induced changes in CVP, SSP, or MAP ). A repeated measures analysis of variance was also used to determine which frequencies of stimulation produced sig nificant effects. The results of the modified paired t anal ysis and the repeated measures analysis of variance were identical in regard to the significance of the effect of each frequency of stimulation on CVP, SSP, and MAP.
Throughout this article, means are given along with their 95% confidence intervals. Unless otherwise noted, probability values of <0.05 were considered significant. All means and confidence intervals for in vivo data were obtained from six observations in six animals.
RESULTS
Wall thickness, circumference, NE content, and uptake
The wall thickness of retroglenoid vein segments was significantly greater than that of its associated collaterals and varied from �240 fLm (confidence interval, 177-303; n = 8) at its cranial margin to -180 fLm at its central end. The average wall thick ness of retroglenoid segments taken immediately adjacent to the cranium was not significantly dif ferent from that of the saphenous vein segments.
The NE content of the retroglenoid vein and its associated collaterals ranged from �2.3 to 4.5 fLg/g wet tissue (Table 1) ; all mean values were signifi cantly greater than zero. Although NE content tended to be greater in the palatine and superficial temporal than in the retroglenoid, internal maxil lary, and alveolar veins, no significant differences were detected in NE content among any of the ves sels studied.
The NE uptake capacities of all vessels studied, whether expressed as nmol NE/g tissue or as pmoll mm vessel length, were all significantly greater than zero. The uptake 1 capacity of retroglenoid seg ments, when expressed as pmol/mm vessel length, was significantly greater than the corresponding values for all other vessels. When NE uptake 1 values expressed as nmol/g dry tissue were com pared, those of the retroglenoid segments were sig-nificantly greater than the corresponding values for the superficial temporal, alveolar, and internal max illary vein segments. The uptake 1 values expressed as nmol/g dry tissue were not significantly different for the palatine, saphenous, or retroglenoid veins.
In vitro contractile characteristics
Five-millimeter lengths of retroglenoid vein de veloped an average of 4.7 (confidence interval, 3.57-5.43; n = 10) g of tension in response to a maximal concentration of exogenous NE (Fig. 2) . Estimates of the EDs and EDso were 10-9 and 1.9 x 10-8 M, respectively. Electrical transmural stim ulation of adrenergic nerve terminals in retroglenoid segments resulted in a frequency-dependent con striction that could be blocked by either 10 -7 M tetrodotoxin or 10 -6 M phentolamine. The fre quency-response relationship demonstrated a me dian effective frequency (MEF) of 2.9 Hz and a maximum tension development of 3.8 (confidence interval, 2.50-5. 10; n = 10) g at 16 Hz, which was �84% of the tension developed in response to a maximal dose of exogenous NE.
In comparison, segments of saphenous vein de veloped 9.4 (confidence interval, 8.47-10.43; n = 10) g of tension in response to a maximal concen tration of NE and exhibited an EDs of 4 x 10-9 M and an EDso of 6.5 x 10-8 M. The· response to electrical field stimulation, which was also sensitive to 10-7 M tetrodotoxin or 10-6 M phentolamine, demonstrated a MEF of 2.8 Hz and an average max imum tension of 7.23 (confidence interval, 6. 11-8.35; n = 10) ga t 16 Hz, which was -76.9% of the maximum tension developed following a maximal dose of exogenous NE.
Effects of in vivo sympathetic stimulation on CVP, SSP, and MAP At rest, CVP was 11.9 (confidence interval, 9.3-14.5; n = 6) mm Hg, which agrees well with pre viously published values (Jacobson et a!., 1963; Ek- (7) 1.66 ± 0.3 1" (7) I.S3 (6) Palatine 3. 1 ± 0. 1 (S) 177 ± IS" (S) 4.47 ± 0.64 (S) 6.00 ± 0.70 (7) 3.7S ± 0.97" (7) 1.34 (S)
Internal maxillary 6.9 ± 0.3 (9) 169 ± IS" (6) 2.3 1 ± 0.49 (S) 3.9 1 ± 0.6 1a (7) 3.S 1 ± O.77a (7) 1.69 (S)
Superficial temporal
3.S ± 0.3 (S) 162 ± 16" (S) 3.60 ± 0.76 (6) 3.89 ± 0.S9a (7) 2.2S ± 0.76" (7) I.OS (6) Vessel names are listed in order of decreasing wall thickness. All values are means ± SE , with number of vessels used for each measurement in parentheses.
a Value is significantly less in the indicated vessel than in the retroglenoid vein. Jodal, 1970; Nakagawa et aI., 1974; Johnston et aI., 1975; Symon et aI., 1976; Rasis et aI., 1979) . Following each stimulation, CVP returned to its control values prior to stimulation. During preoc clusion stimulations, this parameter exhibited a slight tendency to decrease at stimulation frequen cies below 4 Hz and tended to increase somewhat during stimulation at 16 Hz, although none of these changes were statistically significant (Fig. 3) . Sig moid sinus occlusion alone had no significant effect on resting CVP. During postocclusion stimulations, CVP increased significantly at all frequencies of stimulation. The magnitudes of these increases ranged from 7.3 (confidence interval, 2.5-12.1; n = 6) mm Hg at 1 Hz to 18.9 (confidence interval, 12.3-25.5; n = 6) mm Hg at 16 Hz and were di rectly proportional to the frequency of stimulation. Following the administration of intravenous phen tolamine, sympathetic stimulation had no measur able effect on CVP.
During resting conditions, SSP averaged 10.2 (confidence interval, 8.0-12.4; n = 6) mm Hg. Fol lowing each stimulation, SSP returned to its resting value prior to restimulation. During preocclusion stimulations at 1 and 2 Hz, this parameter de creased significantly by 2.4 (confidence interval, 1.2-3.6; n = 6) and 2.2 (confidence interval 0.8-16 3.6; n = 6) mm Hg, respectively (Fig. 4) . It also tended to decrease somewhat at 4 and 8 Hz, but these changes were not significant. The small in crease in SSP observed at 16 Hz was not significant. Sigmoid sinus occlusion alone had no significant ef fect on resting SSP. During postocclusion stimula tions, SSP tended to increase in proportion to the frequency of stimulation; none of these increases were significant. Although these stimulation-in duced changes were consistently more positive after occlusion than before, none of these differ ences were significant. Following the administra tion of intravenous phentolamine, sympathetic stimulation had no measurable effect on SSP.
MAP averaged 112.2 (confidence interval, 93.3-131.1 n = 6) mm Hg at rest. Following each stim ulation, it was within 10 mm Hg of its corresponding resting value prior to restimulation. Preocclusion stimulations had no significant effect on MAP. Sig moid sinus occlusion alone had no significant effect on resting MAP. During postocclusion stimulations at 1 and 2 Hz, this parameter did not change sig nificantly. However, during postocclusion stimula tions at 4, 8, and 16 Hz, the pressure exhibited highly variable but significant increases of 16.9 (confidence interval, -12.5-46.3; n = 6), 26.0 (confidence interval -4.0-56.0; n = 6), and 29.6 (confidence interval -4.7-63.9; n = 6) mm Hg, respectively. Following administration of intrave nous phentolamine, sympathetic stimulation had no effect on MAP.
DISCUSSION
As suggested by its endogenous NE content and neuronal NE uptake capacity, the retroglenoid vein receives a dense adrenergic innervation comparable with that of the saphenous vein, a vessel known to be highly reactive in the dog. The veins collateral to the retroglenoid also appear to be innervated by sympathetic fibers, although the NE uptake ca pacity of these vessels appears to be less than that of the retroglenoid. In addition, the NE uptake/con tent ratio was greatest in the retroglenoid, which in turn suggests that the rate of turnover of NE in this 
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-5 16 vein is greater than in any of the others examined in the present study (Bevan et al., 1981) .
When studied in vitro, the a-adrenoceptor-me diated response of the retroglenoid vein exhibited an above average sensitivity to NE (ECso = 1.9 x 10-8 M), which suggests that its smooth muscle cells are similar to those found in many vessels of the systemic but not the cerebral circulation (Bevan, 1979) . Electrical transmural stimulation of adrenergic terminals in the retroglenoid also re sulted in a marked vasoconstriction. Because this vasoconstriction was blocked by both phentolamine and tetrodotoxin, we conclude that it was due to the release of endogenous NE from sympathetic nerve terminals acting on a-receptors (Bevan et aI., 1981) .
The near equivalence of the maximal responses to exogenous and neurogenically released NE, in combination with the steep nonlinear increase of the frequency-response relationship at low stimu lation frequencies, suggests that a functional sym pathetic innervation penetrates the medial layers of the retroglenoid (Bevan et al., 1981) . This interpre tation is further supported by preliminary fluores cent microphotographs of the retroglenoid that demonstrate the presence of adrenergic fibers throughout the entire thickness of the vessel wall (Pearce and Bevan, 1982) . Thus, it appears that the retroglenoid vein receives a dense three-dimen sional innervation characteristic of venous sphinc ters in peripheral vascular beds (Kinsley, et al., 1957; Winquist and Bevan, 1980) .
Another sphincter-like attribute of the retrogle noid is that its wall thickness decreases over its short lO-mm length from 240 f.Lm at the cranial margin to 180 f.Lm at the junction with the internal maxillary. Coincident with this decrease in wall thickness is a decrease in NE uptake capacity (Pearce and Bevan, 1982) . At its junction with the internal maxillary, the thickness of the retroglenoid vessel wall is similar to that of its associated col laterals. At its cranial margin, the wall thickness of the retroglenoid is significantly greater than that of other veins of similar diameter above the level of the heart.
When all cerebral venous effluent was diverted in vivo through a single retroglenoid vein (postsig moid occlusion; Fig. 3 ), electrical stimulation of the sympathetic fibers innervating the retroglenoid pro duced a significant increase in CVP at stimulation frequencies as low as 1 Hz. Indeed, the CVP fre quency-response curve resembled that obtained from isolated segments of retroglenoid vein studied in vitro. Consistent with the in vitro results, admin istration of intravenous phentolamine eliminated the in vivo effects of sympathetic stimulation on CVP. Although cerebral venous and intracranial pressures are normally increased under conditions of elevated cerebral blood flow (Leech and Miller, 1974b; Miller, 1975; Candia et al., 1978; Manz, 1979) , it is highly improbable that increased cere bral blood flow can account for the stimulation-in duced increases in CVP observed in the present ex periments (Edvinsson and MacKenzie, 1976; Pearce and Bevan, 1982) . Stim ulation-induced increases in MAP may also be ex cluded as a mechanism responsible for the observed postocclusion increases in CVP, since the latter in creased significantly at 1 and 2 Hz without any con comitant changes in the former. In addition, any stimulation-induced effects of MAP on CVP should have been observed both before and after sigmoid sinus occlusion, since the site, duration, and cur-rent of stimulation were identical for pre-and post occlusion stimulations. Any antidromic effects of stimulation on the heart may be disregarded, be cause the sympathetic trunk was severed from the superior cervical ganglion prior to its stimulation. Other stimulation-induced changes in central ve nous pressure may be excluded, because these would have resulted in an increase in SSP of equal magnitude to that observed in CVP, an effect not observed in the present in vivo experiments. For these reasons, we attribute the postocclusion, stim ulation-induced increases in CVP to an obstruction of cerebral venous outflow, which in tum was due to sympathetically mediated retroglenoid venocon striction.
Although MAP remained unchanged at all fre quencies of stimulation prior to occlusion and at 1 and 2 Hz after occlusion, it increased significantly during 4-, 8-, and 16-Hz postocclusion stimulations. In other words, MAP increased significantly when ever CVP rose by > 10 mm Hg, a response pattern that resembles that of the Cushing reflex (Cushing, 1902) . The present results are thus consistent with previously published reports of graded and revers ible increases in MAP following experimentally in duced intracranial hypertension (Leech and Miller, 1974a; Grubb et al., 1975; Johnston et aI., 1975; Rasis et aI., 1979) , and do not support the view that the Cushing reflex is only a preterminal event (Evans et al., 1951; Fitch et al., 1977; Manz, 1979) .
Prior to sigmoid sinus occlusion, SSP decreased significantly during stimulation at 1 and 2 Hz, a re sponse attributable to a sympathetically mediated reduction of blood flow to the cranial muscular beds that drain into the sigmoid/vertebral venous plexus system . At increasing fre quencies of pre occlusion stimulation, however, SSP tended to increase. We attribute this latter response to an overall increase in the volume of cerebral ve nous effluent draining via the sigmoid/vertebral system, which in tum would be expected during sympathetically mediated retroglenoid venocon striction; retroglenoid venoconstriction diverted ef fluent away from the temporal sinus and toward the sigmoid sinus prior to occlusion. Following occlu sion, SSP tended to increase somewhat with in creasing frequencies of stimulation, although none of these changes were significant. Thus, it remains possible that hydraulic resistance in the sigmoid/ vertebral pathway increases slightly during condi tions of elevated sympathetic tone. An alternative possibility is that the postocclusion stimulation-in duced increases in SSP were secondary to concom itant increases in MAP that occurred only after oc clusion.
In view of the present results, it is doubtful that retroglenoid venoconstriction in the intact dog has a significant effect on cerebral venous or intra cranial pressures, since the retroglenoid pathway is normally in confluence with the sigmoid/vertebral pathway. Instead, retroglenoid venoconstriction probably acts to increase the fraction of cerebral venous effluent draining via the sigmoid/vertebral pathway, a function that may be of importance in brain temperature regulation (Fuller and Baker, 1983) . However, in situations where the sigmoid/ vertebral pathway is blocked, retroglenoid veno constriction can have a profound effect on CVP, cerebral blood volume, and perhaps even cerebral blood flow itself. This last effect is of particular methodological importance to users of cerebral ve nous outflow methods and may help to explain some of the discrepant results obtained in studies of the effects of sympathetic stimulation on cerebral venous outflow (D' Alecy and Feigl, 1972; D'Alecy, 1973; Lang and Zimmer, 1974; Traystman and Ra pela, 1975; Purves, 1978) .
